»

. [

L teratad Seminay - 2006.).30 Qedke Waela,

Mechanism o Oxidorion by Copper-Proxygen Complex
A \Ct:@u P bea MD blemimeric {ransition- meted cemploxes SL{{)P&’@U[ iy
oL Wi '\;’ck(t‘t"i’\g,» % J.J:%Lu\&o have beeu C{QMQJ(OZ? Q('[ g ¥e Q,V(ll(,\a'tc the @i
St ST uetures omd, e ons &(? W\aﬂ% n\gtd(c—@ui\\/ me S

For copper, & Great effort hes been made especdy I OXyGen ACUVATIO
MamisTiy <o provide and (nSighds inTo the cadalytic” mechan S ms
Coppur  MON0OXYG-LNAasES aud Copper oxidases,

— f . ~ 4
In fodays Seminar, Structure and reactlvity of) Cu/02 complex , and Ho
mochanisay of oxidetion will he dUscnssed .

beoviews =« Acc, Chen. £es, (997, 20,39~ ¢9.
Chen Pev, 2004, (02— 10HK,
Chew Rey. 2004, [0¥)-(076

Contents A Teoductiow A4 Bole of, (L un biology
{2 Mesho of, Studying O 0= Complexc
2 Reaction of, Cu(xr) With oxyg.en . |
2, Pmpoﬂc{ oxitdation mechanim “‘/E &4/02_ Wi Subs haTes

4. Medhan(stie Studies . |
5. Bt Swructwad characren2atcon o, eund~on Cu/0-.Cl/1)

complex in ens-mes

1 Linhoduction.
14 Rela ofy O n @?o(og/ﬁ{,

Er Ve oy
coH 2 \_/Hgo or CA-\ ‘Q:X?&Tg C\S meng— or
o) gmmme N\ _owor multinudear wmpley 1n
[ S e
O RCHNH + Oy Q”“\ \t\\r’\e& )
) mwomase &“&;D Q Cu, organc
f
Cwo, g‘mdh.{ 0% Mechan ism
Galacwse »
o H,‘.,TM Nm RCH,0H + O, "]QS 0\ Porel(t( Q,Q.‘to OL,Q.S(\T(VL
) st ¢ o New oxidation Cafhl\(g‘(“
o, RCHO + H;0, - ] ’
9 0 HO  Oit Tymsinase ;anmraso OH
rosinas Pcmktyi;lyclqe
gj ey @ TN mhmemm "0
vy Oxidase  ~f FH N OH NH,
'oc)c)mOH 'ooc) HO.
HN HN 7" NH,

Figure 1. Selected Cu enzymes and proteins that activat: 0,18 \

P

g e s ey -— -

\ .
DA ? will be in disumssion -

e g e e g enemiamen o r _—




/( 9‘ MQ’H’IOCLS CS S‘tu\c\\ﬁ,\% O&L;/b’; CC‘IWP(CMS T T e e e

s g mp{mshaw been S*’ruckuzc{ mwnl\’ b\{ UQ‘n{j er)fheﬁ'c ((‘fgfmaf

O s :
()/&A(I) — W(IL) Oa_ CU\(}I) Ol B T) C“CI) 00 f‘f
SUpervXQ pertxe h\{clmperoxo
{ '

thermodynamically more Favarable
Thom &opfrono S(wues
Mononuo\ear (L\(‘L) wmplexas ectitl\, ¢ § ass-emble Mt bin uclear
%?QC&QS vpon ox\ic}emxfow

> Cuf0s /(" complex IS the. MosT abundart 6@(&@ Cu /04 S()aou:(
2
Lou(s) 2, [L@( O L] = ch’M/O\a\ (_:( '

CuLF- i A D LrOXO Cusl ~ b (s~ p~oxo
(UV‘V{S. NG n) g ’h 3:2) /bilé) 0O, o C{(A .
Lf.
L( LR (Cem™) 740 600

other metheds ihclude. Vesohamer Raman specmswpxl eﬂz y VO {—amme‘rry » BRATS, ><~m§

o Mechanistic Studies usmﬂ OM—O;k addutt o Oh(\i recent (’V(@y@w
@ S\{[\‘H\QT\C L.%%cmc‘(% .

N [ ""’f“” N N NN,
(C_,\} )é:\:;,-«‘ &)\% @ :\3 ;:':\\ n‘ﬂ«” ”:; u’{z; ] ,,,:.. m_u\’iz“. j:, Q _ r)>
LA & s o o ‘
pE n ﬁ n"n' "(f" N)\ ﬁ w) ) p rwt -
é\a %J"\: af:ﬁ é g e X e '):%::f " oo " olectate
; ” .NO ""{j f\-o/ o ™
) . Q- 0T
e R e
- o :—(\-u
SRl X o (“zﬁ Sy CAE &0
Ty A & 288NN S5
Figue 4, Tn::z:m Hgands [sections 3.2. 4,3.::45) o (N‘_B\,O\,( —\ (- }ﬂ Q_’_\} f\ ,74 (\ /j
-‘:f o™ ﬁ, ﬁu mﬁ)\" ﬁ&;‘ — ~ Figure 6. Teidenate lzum(mum:u nd 4.4-451.

L4 L oy O—\_ )
‘ 'Rt
" o G G ci‘f - Chider-
PU_P Neme LW Mpy
(¢k‘ e 3~ o0 et
D ¥ ) are ore  Drer N NN W-n W
r 3, e oe PrPrOH L 2 Q By f‘ ar
'( )v‘ PN by T frel O L I
(ol »” Y dro PyDmp O L2 dmp A\ 0] 2 H
Figure $. Ligands derived frum XylOH {section 4.23. - ey u’< 3
- R oo PRt e M ey
\—t E ‘ - ; m Figure 7. Bidertate tigands (sections 3.3.2 saxd 4.4-4.06). - -

SyntheRc [gands owvg mosHy N~ or comerimes O~ [1'gan nd .
In Shaymes | Cw ore Coordihated b j N( histi dtu\ﬁ} y 8 Cmethioning )

Lt

oo bh&.\\o\mu H20 ond S0 0w, j'.



2 @({ad’(\ e erg CM(‘_L) With (9}(\/98“  [
G/ 02 structure is largely influcnced by ligands

More compact Cu,Oz cores

% “‘ECUH’O\O. C(;
R} 875
Z (i“' \r\”\&d“
4 & '/\4,8:.
§ o C*'o. w?
z: S == *LGC d == LCu“<g'.?Cu"L Lou™{cut c‘,\ﬁ'd
LCUIII/I SP :
xl::eisgp‘:e?tiivi’l,)'/)AFormadm reactions of Cu/Q; speptés with bi-, tri-, and tetradentate ligands (Nz. N3, and Ny ligands.
2. Proposed oxidation mechanion e Cu/0s with Substates.
Some Selected exapples.
@ taf0s 2/ ¢ /N-dealbylation Cp450)
o CH32 :
ok >t O« H o
LQN\i \Cu L Cﬂi% L &<O>0LL9-+ 4 @_N/Cﬁi
& E‘;‘ o g . SCAR
Coum BN ay
— LealZfxal  + CO-NHers +Hco
. H '
@ Cuw/Os /4 % h \/oWDX\f\od’t\Ern/ C?HM . Der)
St N M Imet AP
‘MIc:c B 02, ArXg ‘I HXH . /N
AT e T e pten)
N A N N R\N
\?Mﬁ, AYY% N Mt S Pr.'”"SH '/\' ,
—_ ¢ X/ ——
o~ U004 o Cu—N _GFor uly
’5 N N~ 7/ /N
N N HO R
_ \ Ny
¥ i\ “;.M - N .
{2~<M J Y “which Cu adfack(c) the. Subshate
oH . - Mo does an Q,‘QCW ')‘m;qgj‘_wcb,
What ove Still unclear Today: Srem one Cu T anoher 7()
* M abstrachion prmceeds by ’
& Copteded €HT) o cﬂnsu.u%m

("‘ Qﬂi ‘“\QA«\/ - \‘\"’) Pd_‘,{,\\mla(‘j '(?




JAICIS 2005y 4

ARTICLEs JH95¢83

PraH
. Published or: Web 03/26/2005 . [

Substrate Oxidation by Copper-Dioxygen Adducts:
Mechanistic Considerations

A T oo T o Jason Shearer.t Christiana Xin Zhang,t Lev N. Zakharov,} T T e
) § et \ i 15 in"t - oy
, K\‘\‘QQ‘V"\CU') \\ST lC S‘t ud lQ,S . Amold L. Rheingold,*% and Kenneth D. Karlin A {go P/d (m) na{}j
Contribution from the Department of Chemistry, Johns Hopkins Uni versity, N
3400 North Charles Street, Battimore. Maryland 21218, and Department of Chemistry, S’"(ud_[ FoAN ":, P ‘ l{;v(}[l‘;y!
\ . University of Delaware, Newark, Delaware 19716 N
i N . ~
Mod‘d\ r e& CT\ o r) Vgﬁd W\ Received August 9, 2004; E-mail; karlin@jhu.edu J/"CS/ 2'003/ [lg /

This Study = N-dueal (quaﬂom ,
Whuy thiS reactien
* PMAC &L“\M%Qan‘clh\e)er;'vmtm Can bo. %zood probes for mechanisim S

4,
© DMA has alr baun uSed v ¢ Aochroma_P450 chemictn),
C e Jocs, 2005, 1, )

K@ty —EE s g+ heno
cakolyst s SN NP Py~ 2R
M == e T R= M, MeC, MesN|
Coy” Yo7 Noyd 1 |
%e(& o, his study + To investigate the intial Steps % PCET reaction
PCET= proton coupled electron tramsfer .

Qw\(%@r points werle dan§ied ¢ %ET/PT s dominawt over BTPT.
Substraty coordination < nece_(sma,

4{\'(\ ET/PT or ETPT reaction

BY/PT ¢ Qlechron tramsfer (BT) and proten trarsfer(PT) w. contecufive
ETPT ETM‘\ PT occurrs w cxw manney . Manney

Iup-H *Ejﬁra SWb

ET/PT.

T ?SAQS,JEOB, (28, (26Y0, et 1 ed
E ( Knetle 1Sotope offect ) was examined . |
“rﬁ{\\s sto\‘g showed ¥hat  ETPT omd ET/PT are both plausil
okQ,(),euDUt\é, ow tho Q,aﬁml\fst, oweQ subshate ,

Thistime | more dutailed Studies USThg- 2-probes | cMA- aned MDP.




Equcfrec\ Pro cLu 0\6

G

HO M IERT -+ @ F

e a ETPT @ﬂ
> ()
m MO
%A Q“ﬁ? @—N\H P OU% Mﬁo/@))\ H
( cyclopropyl methylant line) ( p- h\L\WOX\[thﬁ\/\ d&mw\fl pmpcum‘l )
achanisw L CMA T @N’cﬁl @}I\FVO H ,
b QM’\“ﬁ@@/ —> ph N —>{>h NY\/Q-%PM

C
Coowpp W@&
d MbP g_ Mo@/&v /\A.Q.O/QJ

m@%

1y real Qase
T AMA 4\;

o™ o

maj oy
)

z,% major.

TUese results sugﬁeﬁ
thad BT/ PT pathway

s domi nanwl,

%onmtm\ of =

SHAg @@/ —> @m

—Hi— \/ —_—
)S g UV\Sh\bHL

e - o]

deyvives fom

#

1selated g ton pair BPhe

Deactiviy 5 fuel S 440 and A1 (qHets e Weakest SEToddait !,
= M lOSS is faster tham *OH captuve ,

® Focters thak m@h

mg{uem The reacau(hj olA%{QYJZWd\_ @() ( &

o Difexent ligad coordination enviwhment

Scheme 9. [{{MePY2)RCu"jo(OH)R* {2) Complex Structures
H{MePY2)HCU"{OH)I?* (27) Complex Stucture

D &

amouwnt- Cully —

bis- AA~0X0 {SEmers .

« Dig §fering
© 3tvon O—H bond Strengih i PN 2t
[ “hat. %i/:gu\,lk (g’V@W\ Cack. /l(l “6 X L/&’k CLLL———]

H

one umIPY‘g-ou wooqmwalPY'groups
R = MeO-, Mo N-

Pv@—n




.y ﬂmfm%@?f-' | Py e O,@/V\H —
.r" /—fﬂ_ﬂ_} / — E
MoP Ao pen™ peo N BTPT UL

Why e the wechanisn digerents depading on the substrate ?
5. BDE C bond dusseciation enthalpy ) of CMAawd MPA .
o SimifaL o~ 85 kad (med,
K Otidotien eotentiall. « MPP > CMA Chigher by [0V )
T may be the Mmore accessible Pa—muf&j wWith SubStrates paSKPSS(/ﬁ
(naccessible oxidation potentiads

*

Thew, whg ET / PT i3 dominant wivh sybstrates wivh (ower oxidation pOTeny. gy
>3

\ .

! lfr appears that oxidations of substvates by one electron aye
oudued )mg the H\umockgnamkc o\m?n? fore wwpafﬂd by a protore
“(‘rwvwf*;u (PT)JN&C(N & ( F—VDM the Tt )

[ =™ (phowa Cphon-N0a) T( 004) =
—go%c, 1R -~ 80°, {R NH@B(F“ F> © as proton,
! / \ / 7 4 \/ - ‘t E

OUVCL.
NO reaction Fe @ 11

Conclusions o At low thermodynamic ferce, ET/PT occuns,

Put when BT Cone-rlechrom 0% idation) becomes vl
. the ETPT padhway o Courg ‘
Thi's phenomenon can be Seen n other medad- 0xo mediated ox datins,

ﬂra Qqumm\t Lor Substrate Coordinatien

Scheme 4

| o~ H365+H20=0 E/PE s showh in PaYQ44+h€SfS . (C-H bonc())

orectoh ((90Kalfnl) (A=t ;7 BPE cannot predict what Substrate
\67/ 6 @'9‘2“, Ca he OXOQS:QA/;

(178 ko fmot)

2+
0.
@(I:' LCu<é>CuL' PhyP PhP=0

quant.

(%0 m/»dz? m\%
@ : Reactiviy) \E,j/

Aldehyde

0 REACTION -«




VI_V\S.;CB/V\,*S o "T‘H F OX{ cQa“L{‘Cn/ _

¢ oy (M0 A eq. ef HzeN Ceovdingiive.) | ‘
& o )\Iﬁ;)_ = © >'/ o C\f&d;%"rho. 9rd grder rate consTowt dtécg\'[l[c;(:ﬁ
N L
:OD A R <S>,0H low activatiow ehthalyy abT= 3.7¢wl
Second-CroLy 1eaTtitw heqative A CUyotaen £n1TOpY .
M~ R T 0THE] " ASH = —5b cal/med- k-

There shouldd bR o pre-equulibrium e/% THE omd 4 Nz

b.w%ﬁs\&_ Oradataon  0CCuws,
AMeN g THE = AN T — (O

Tin e Coar % DUA oxidatiow .. ‘
v A Hi CA’\M e ration C >20m U) ool uera
K ’ @‘N\, Satwation. behavior in reaction tate,
‘QSPQOLOL“ ot low ﬁmpemfw’f& (< “70°C)
( DA b no\,tng S @Mmpimllg( cL(Sxfzu/D/x_.d .
<~40cal/mel = [
ConcluSion o Schemee _

HaCy( Lt
3 @ A L2+
' cul ¢ Lu e
LCu/(f) >CuL —_— U \o>D - ——k—>— Oxidation
\6 K, ’ ox
. « HyC_ | CH,

N

O

2t
F(xcf(OYS thod would camst e reactive differiunce beturestn q H ’ { MZO/ (¥
A, Pi¥lerence tn substrake q?\)qu)/&. o motad CenTed.

(2

N
, Py\ HiC' ) THy A thougi direct. ev dente i3 {addﬂ%/
,Pymc‘_’g} . L O 5\01(, and  Lou] AN il miot
<\/ \?Ha Q‘;y;CIU<%t‘5 Ng.~ o7 %
Do T e Statan st
H 1MeO g {Me2N
S The yatio Mo pevoxo ¢ M=0X0 g?ea‘.@&
1" qo/io AA=6K O MFW b r{gPonS(He for ETPT,

{ M4, | Ml Ve [>5 QS“@.%\(O\M MO cafedations, (F+ hao ot
: Shown that  peroxo SQQOCQS cannot

LI T ~T

promote ExPT.




Dioxygen Binds End-On to 2
Mononuclear Copper in a

-~ Precatalytic Enzyme Complex SCiniE 2oty
30, 844629

Sean T. Prigge,'? Betty A. Eipper,? Richard E. Mains 2
L. Mario Amzel?*

5« F\ ST Stvucturad Qfmmcwris_c\“r(‘m Gb oud - e C’M/ 0> ( iﬁ) C(m‘o,ﬁe)( br Q,uz?/a\ej."

P RN ¢ PQPﬁ&\Aﬁ%CW 06~ hye Vv‘X\{m Onow\{c&,um&‘&)

C N K ‘
"K&X o —LHH
C - ter Minat Mg QRYCue
PHMC YQduit}o\ St (D)) + peptidet 0y —
Tt camn 'r(x?ick[y PrOMOTe Cm(\[sis
| to selve i, problew .

Vdea ¥ U e{) ascorbate (to raluee QL) and to SHabilse Cu() )
4 VsC of [cw reactive C~F€rminating amino odxd /

o & o ¥ R

@QK Q0. 5 g'f/_\ Co,~

Buller B grovp makes radicad less stable due To the
S repulsion wih amide catb . CIACS, 2003 /20 %1/9)
Lo prevention of, oxidation

AOHN>£ H\)il—OH TN v 7 % oxidadion,

\%@ ” 2\.’? COs— m ofecular mo&xz(mg, shows e
LT T Wydrogen bondiin with Tyr un PHU,
D-ditod o-Ty rosins. .
TINT peptide.

(O ¢

o KO
)\gk o~

cmtﬁzdl r2alion s cuffiadt (|

P~ threoning

INESW ITustqlds were %/U LU
wecthan I cadly Aom the St Clurg

@ Tlectven trawsfer path .

@_. Cterminug - Ma0~ Hig—

# pepride (08
\Av)
o~ mechoni swmo~
Cugh-0, Cu, Cuyi)-007  Cu,() Cu,yl)-00H"  Cu, ()
3 Electron Hydrcggn
. Cugmof Teanster Cuy0, Abstraction j\ ¥
Fig. 2. The precatalytic complex of.PHM with  Fig. 3. The structure of the dioxygen binding o H o H M Peptide’ ﬂ/\wz'
7bound peptide and dioxygen. The 2Fo-Fc electron  site. Dioxygen (the red rod) is shown bound to WS )ic i peptide™~ Xcr
density {contoured at 1.5¢) is shown for dioxygen ~ Cug (the green sphere) in an end-on manner. | PPt 7 “co: K :
H

and the IYT peptide. Substrate and protein atoms
are colored by atom type; iodine atoms are pur-
ple. The water molecule is represented by a red
sphere and molecular oxygen by a red rod. Dotted
lines indicate” hydrogen bonds and bonds to the
copper atoms (green spheres).

Amino acid ligands to Cu, are shown colored by
atom type. A gray mesh represents 2Fo-Fc elec-
tron density contoured at 1.50. Simulated an-
nealing difference omit maps that leave out
either both oxygen atoms (red mesh) or the
distal oxygen atom of dioxygen (blue mesh) are
shown contoured at 8.

A

Cu o' co,

Rel
\g\ 2e H°
Substrate, O/
Cu,-OH,  €u,)

o Ho H

‘4
P:ptidc)\u>\;oz‘

Pioduct



[R5

B, precatalyte QHM\LI‘(T .l binds to 0o |
e O Mhae PN+ IN(T 7§ tu. does mot bind o Oa .
¢ ‘Prz@&kck\\{ﬁc PHM only C M2l occupies the pOSI Uiy )
N\ .
Subsfrate migek biad to Cu Mm 0o biads .
This 18 favorable w Nature. hrcomas UhWan'CQ,Cl O\C‘ﬁVO\Tbﬁiﬁ O’% 02
A0S Mo 0CLny |

b\ Condumons + F'w’t\,\(ae_,

o Thermodupomic instabili CufO0a adducts . (s % Ccc&.
O\vié IARS QI\"D’O\)\J{U} &cﬁ% contreffable bj [E%g,m:{ ?
Qavorable. enthod oY

K oyishcly (mportest biutd andd thewwodynamte orfd MQComy
Moo betih o Aamad pracny SrHo pped - $low Uv- vie Spechroseepy:
4

Tme~ CoWrse OV vis absorption ot low Tteup
Qo b collected , kinefics Ror fast reaction car be

ou\a(rse_c{, ‘
¥ 0uf0s adducts ' stably ok yoOm Femperaluwe [5 rare,

¢ MQQ,Q\(MQS‘U‘L, ?'U,kobk:u O/t) Mmoo O\ < ( o o) puctesan
/02 co mk)((,x{is ,




